Does spontaneous retinal activity prior to vision play a role in the establishment of visual maps? In this issue of Neuron, two separate papers by Huberman et al. and Hooks and Chen demonstrate a role for early spontaneous retinal activity in the establishment of ocular dominance columns and synaptic refinement at retinogeniculate synapses.
The developing mammalian visual system has emerged as a model for the study of activity-driven refinement in the central nervous system before sensory experience. Prior to eye-opening, the retina exhibits robust spontaneous activity in the form of retinal waves, which are highly correlated bursts of action potentials that propagate across the developing ganglion cell layer. This retinal activity drives bursts of action potentials in the lateral geniculate nucleus of the thalamus (LGN) and in primary visual cortex (Hanganu et al., 2006) and provides a robust source of activity at a time before vision. Indeed, it is well established that spontaneous retinal activity is critically involved in the retinotopic refinement of retinocollicular projections and the segregation of retinogeniculate axons into eye-specific layers before eye-opening (at P13 in mice and at P32 in ferret; reviewed in Torborg and Feller, 2005) .
After eye-specific layer formation, just around eyeopening, enormous synaptic refinement occurs at retinogeniculate synapses. It has been hypothesized that prior to eye-opening, refinement is driven by spontaneous retinal activity, while after eye-opening, refinement is driven by visual experience (Katz and Shatz, 1996) . Consistent with this idea, activity-dependent retinogeniculate synaptic enhancement has been demonstrated in retinogeniculate slices from ferrets prior to eye-opening (Mooney et al., 1993) . More recent in vitro synaptic physiology studies have directly observed retinogeniculate synaptic refinement in rodents. These studies found a dramatic reduction in the number of retinal inputs to single target dorsal LGN (dLGN) neurons during the 2 week long period spanning from eye-opening to P28 in mouse (Chen and Regehr, 2000) , and as early as P18 in rat brain preparations (Ziburkus and Guido, 2006) .
Retinal waves and sensory-driven activity in the retina coexist for a few days around eye-opening, after which light-evoked responses dominate (Demas et al., 2003) . Is spontaneous retinal activity around eye-opening involved in the synaptic refinement process? In this issue of Neuron, Hooks and Chen (2006) address this by comparing synaptic maturation and refinement between mice dark-reared from P11-P15 and mice in which both spontaneous and visually-evoked activity was blocked via intraocular delivery of TTX over the same period. The authors apply three measures to assess synaptic maturation: (1) the AMPAR/NMDAR current ratio, which normally increases with development, (2) the NMDAR current decay time, which measures the appearance of fast, mature NR2A subunits, and (3) single retinal input fiber current amplitude, specifically for assaying the strength of individual synapses. To measure refinement, they estimate the number of retinal inputs to a single LGN neuron by dividing the maximum synaptic current for each neuron by the single fiber response. The authors report that intraocular delivery of TTX prevented synaptic maturation and refinement of retinogeniculate synapses. In contrast, dark rearing during this same time induced significantly smaller changes. These data have the surprising implication that at this stage of development, spontaneous activity is more critical than early vision in inducing retinogeniculate synaptic refinement.
In a second set of experiments, Hooks and Chen compare the effects of extended dark rearing beginning well before eye-opening (from P1-P27) to transient dark rearing after eye-opening (P20-P27). The surprising finding was that dark rearing after eye-opening significantly inhibited synapse maturation and synaptic refinement while chronically dark-reared animals were similar to control mice that were raised in a normal light/dark cycle. Hence, a more dramatic synaptic plasticity emerged only if the mice had previous visual experience. The result is reminiscent of previous findings that a brief activation of inhibitory circuits is required for the opening of the critical period for monocular deprivation in primary visual cortex (reviewed in Hensch and Fagiolini, 2005) .
Does spontaneous retinal activity also drive early ODC formation? This question has been subject to extensive and, at times, rancorous debate. One key issue has been when ODCs first appear. Early studies suggested that ODCs are formed after eye-opening, and that visual activity contributes to their establishment and exact patterning. More recent studies suggest that ODCs exist at eye-opening or perhaps even well before, and that the patterning of ODCs is not dependent on retinal activity (reviewed in Katz and Crowley, 2002) . In this issue of Neuron, Huberman et al. (2006) reassess the role of early, spontaneous retinal activity in ODC formation by using intraocular injections of the nAChR agonist, epibatidine. Several labs have demonstrated that this manipulation effectively blocks retinal waves in vivo (e.g., Penn et al., 1998 , Huberman et al., 2002 . The use of epibatidine is notable since previous studies relied upon enucleation, which is likely to induce dramatic secondary effects due to deafferentation, to conclude that retinal activity was not needed for ODC formation. Binocular injections of epibatidine in ferret eyes from P1-P10 was followed by prolonged recovery (a process termed epi-recovery) and led to a permanent loss of well-defined anatomical ODCs as revealed by transynaptic labeling in the adult ferret. The results, for the first time, identify an early period of spontaneous activity in the retina that is critical for ODC formation.
Though epi-recovered ferrets lack well-defined anatomical columns, single-unit recordings from the binocular region of primary visual cortex show that individual neurons exhibit the same distribution of binocularity index as saline-treated controls. These findings are consistent with previous studies that show that the blockade of retinal waves results in retinogeniculate axons that develop eye-specific segregation on a local scale (Muir-Robinson et al., 2002 , Huberman et al., 2002 . Thus, spontaneous retinal activity may be critical for establishing large-scale topography, but later retinal activity drives refinement on a single neuron level.
The most surprising result of this study is that early blockade of spontaneous retinal activity dramatically increased receptive field size (by >30-fold!) for binocular neurons in primary visual cortex. This is particularly surprising since the distribution of binocular cells is not affected, nor is there any effect on monocular neurons in the same region of cortex. This lack of retinotopic refinement is not due to an expansion of the receptive field in the dLGN, as the authors previously demonstrated it to be normal in size following epibatidine application (Huberman et al., 2002) . Any mechanistic explanation for this dramatic phenotype must (1) involve ocular dominance competition, since only cells that receive input from the two eyes are affected, and (2) occur very early in development, when thalamic axons first innervate the visual cortex. The authors present several possibilities, including a possible role for early cortical circuits involving subplate neurons, a transient population of neurons that are implicated in the formation of ocular dominance columns. Subplate neurons receive thalamic input early in development and may be critical for the maturation of cortical GABAergic circuits (Kanold and Shatz, 2006) . One intriguing possibility is that this early activity instructs the development of cortical GABAergic circuits that restrict the receptive fields of binocular cells.
The two studies on visual circuitry in this issue strongly implicate a role for spontaneous retinal activity in driving synaptic refinement at retinogeniculate synapses and the forming of ODCs. However, they do not address whether the highly correlated patterns of retinal waves are instructive for these processes. Indeed, some disruptions of endogenous firing patterns disrupt eye-specific segregation while others do not, implying that some features of retinal waves may be instructive for driving map refinement (reviewed in Torborg and Feller, 2005) . An alternate hypothesis is that activity is permissive, and that molecular cues dictate the detailed organization of visual maps. Though all parties agree that there is a role for both activity and molecular cues, we anticipate that the debate will be continued for many years to come. 
